It is well known that mis-specification of a trend leads to spurious cycles in detrended data (see, e.g., Nelson and Kang (1981)). Seasonal-adjustment procedures make assumptions, either implicitly or explicitly, about roots on the unit circle both at the zero and seasonal frequencies. Consequently, seasonal-adjustment procedures may produce spurious seasonal variation and other statistically undesirable effects. In this paper we document for a large class of widely used US quarterly macroeconomic series the effects of competing seasonal-adjustment procedures on the univariate time-series properties of the adjusted series. We also investigate which procedures are most appropriate given the properties of the data. Overall, we find very significant differences and evidence that several U.S. macroeconomic time series contain a mixture of deterministic and stochastic seasonal components.
Introduction
Mis-specification of a trend leads to spurious cycles in detrended data, as for instance, Nelson and Kang (1981) emphasized. What is perhaps less obvious is the fact that seasonal-adjustment procedures may produce similar effects. This paper takes up the question of whether spurious seasonal fluctuation occurs l
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when seasonals are removed via an adjustment procedure based on a misspecified model of seasonality.
There exists a vast literature on the ideal properties of seasonal-adjustment procedures, including the fact that they should leave the time-series properties of the series unaffected except at the seasonal frequencies (see, e.g., Nerlove et al. (1979) , Bell and Hillmer (1984) and Hylleberg (1986) for surveys and detailed discussion). As is now well known, many time series are nonstationary and are widely believed to contain a unit root at the zero frequency (see Campbell and Perron 1991 for a recent survey). Similarly, usual seasonal-adjustment procedures make either implicit or explicit assumptions about roots on the unit circle both at the zero as well as at the seasonal frequency and its harmonics. Occasionally, in applied research, adjustment for seasonality assumes that seasonality is deterministic and can be removed via seasonal dummies, thus ignoring the possibility of the stochastic and nonstationary nature of seasonality (e.g., Barsky and Miron 1989), More often, the monthly Census X-11 program, for instance, is applied, which implies data transformations which is approximated by the (1 + L + L 2 + ".. + L 11) filter, where L ~ is the lag operator for i periods), resulting in a "removal" of unit roots at the monthly seasonal frequency and its harmonics. 2 Data transformations that go along with the removal of seasonals may or may not be appropriate, just as trend removal can be inadequately done. In this paper we document for several quarterly U.S. post-World War II time series how data transformations typically associated with seasonal adjustment affect the univariate time-series properties of interest to economists, such as the autocorrelation and partial autocorrelation functions of the transformed data. Using tests proposed by Hylleberg, Engle, Granger and Yoo (1990; henceforth HEGY) we also discuss which data transformation appears to be most appropriate~ That is, based on the univariate time-series properties of the raw data, we determine which seasonal filter transforms the raw data into a series that is welt represented by a stationary ARMA process.
With one exception, all the data transformations we consider imply the same treatment with regard to zero frequency detrending. Namely, all transformations assume the data have a unit root at the zero frequency, except for the case where a first difference is combined with a seasonal difference. In the latter case we obtain two unit roots at the zero frequency. All seasonal-adjustment data transformations differ, however, with regard to the treatment of deterministic and stochastic seasonality and the presence of unit root at seasonal frequencies in the stochastic case. In general, it is found that summary statistics of the data are quite sensitive to the way seasonal adjustment is applied. Very different conclusions can be found for the univariate characterization of the data, depending on the way seasonals are eliminated, and even with the detrending being kept constant across different adjustment procedures.
